Abstract-This paper explores the possibility of enhancing the available information content of scattered data by means of an innovative multisource strategy. The approach exploits the scattering interactions between scatterer and probing source when the investigation domain is illuminated by different (in terms of radiation patterns) illuminations. The results of a set of representative numerical simulations are shown to point out the potentialities of the inversion strategy.
I. INTRODUCTION
I N many branches of applied sciences ( [1] , [2] ) there is the need of detecting and imaging unknown objects located in inaccessible domains by solving an inverse scattering problem.
Within such a framework, a key issue is the collection of the information content on the scenario under test in order to limit the ill-posedness of the reconstruction process for achieving a faithful reconstruction.
It is well known [3] that single illumination measurement setups are not able to provide an amount of information sufficient to obtain an accurate reconstruction of the scatterer profile. Therefore, different strategies aimed at increasing the information content of scattered data have been proposed. In general, the underlying rational of these methods is the attempt of inducing different scattering phenomena able to highlight different characteristics of the unknown objects. As an example, let us consider, the multiview (MV) method [4] where the scatterer is illuminated from different angular directions or multifrequency (MF) [5] techniques where different scattering contributions are excited by acting on the frequency of the probing source.
In this context, a multisource (MS) methodology able to induce/exploit complementary/alternative scattering phenomena could represent a further mean for obtaining an enhanced quality of the reconstruction without some constraints on the investigated profile (as for MF technique). To point out these effects, this paper analyzes the scattering phenomena arising from the illumination of the investigation domain by means of probing sources with different radiation patterns. 
II. MATHEMATICAL FORMULATION
For sake of simplicity, let us consider a tomographic scenario where the electromagnetic properties of the investigation domain are described by means of the unknown contrast function . To reconstruct the scatterer profile, the investigation region is sensed, according to a multiview approach [4] , with electromagnetic sources characterized by different radiation patterns and radiating an electric field , , . The scattering interactions are revealed by collecting a set of measurements of the scattered electric field in the observation domain : . Such operation is performed by the imaging system at each view ( ) in all the sample points and for the whole set of sources ( ) employed in the process. Mathematically, the relations between scatterer and diffused field are expressed through the so-called data equation and the state equation [6] , which are usually discretized according to the Richmond's procedure [7] for the numerical solution of the inverse problem at hand. Moreover, to properly deal with the ill-posedness and the ill-conditioning [8] , the problem solution has to be carefully addressed by defining a least-square solution and a suitable regularization strategy. A widely adopted technique consists in imposing a set of constraints related to inverse scattering data and/or to the available a priori information in order to define a suitable cost function to be minimized. According to this idea, a new multisource multiview cost function is defined to fully exploit different interactions induced on the scatterer, thus enlarging the amount available of information.
As a matter of fact, the information related to a single-source (SS) multiview experiment might be insufficient to guarantee satisfactory reconstructions. Therefore, it could be profitable to integrate a multisource technique together with a multiview system. Toward this end, the multisource cost function turns out to be (1) 1536-1225/$20.00 © 2005 IEEE and being the free-space external and internal Green's matrices [9] , respectively;
. Since the multisource technique does not depend on the minimization algorithm, (1) is minimized by means of a deterministic optimizer [10] . Moreover, to reduce the occurrence of false solutions, the reconstruction approach has been also integrated into a multiresolution meta-heuristic iterative multiscaling approach (IMSA) [10] , which allows an iterative synthetic zoom of the region-of-interest (RoI) thus reducing the ratio between data and unknowns.
III. NUMERICAL ANALYSIS
In this section, some representative numerical experiments are analyzed to highlight the effectiveness of the proposed method based on a source diversity technique in imaging unknown scatterer thanks to its capability to exploit the enhanced information content of scattered data.
Let us consider the dielectric profile shown in Fig. 1 centered at , in an investigation domain in side and characterized by the following parameters:
, (height of the object), (thickness of the arms), (distance between arms), and . When the scattering scenario is illuminated by a plane wave ( ) that impinges from (negative direction) on , the equivalent current turns out to be as in Fig. 2 Such a behavior gives an indication that different scattering interactions are excited in a multiview system and thus complementary information can be extracted from the corresponding scattered fields (Fig. 3) .
In a similar fashion, it can be demonstrated that different equivalent currents are induced by the same probing source at various working frequencies. As expected, a strategy that exploits frequency diversity is able to reveal other/different "characteristics" of the same scatterer to be taken into account [5] for improving the quality of the reconstruction.
Such an objective can also be achieved by considering a diversity strategy in which different source models are used to probe the scatterer. In this case, the increment of information is due to the diversity of the probing source instead of that in frequency. To give some indications on such an event, let us com- Fig. 2(a) and (b) ]. Once again, significant differences can be noticed.
As a consequence, different information on the unknown scatterer can be collected from the imaging system as confirmed by the amplitudes of the scattered field in (Fig. 5) . As far as the considered sources are concerned, the following configurations have been used to model an isotropic line and a directive line: • isotropic line source located at the point where and radiating a field equal to being the distance between and , , being the radiated power for unit length, the intrinsic impedance of the background, the free-space wave number, and indicates the zeroth-order Hankel function of second kind; • directive line source modeled by using an expression similar to the Silver's equation [11] where if and otherwise, being the polar angle in a coordinate system centered in . However, it should be pointed out that, even though an enhancement of the information content of scattered data takes place, suitable retrieval strategies are needed to allow an improvement in the reconstruction. To point out such a key point, let us consider the results obtained when a multiview/multi-illumination acquisition system characterized by , , sensors equally-spaced on a circular observation domain of radius is used. In the first reconstruction experiment, the process has been carried out by considering a "bare" (i.e., without multiresolution strategies) approach and has been partitioned into equal subdomains.
Although the structure under test is correctly located, the composed SS approach (the reconstructed profile being the average value of the object functions retrieved with each SS illumination) [ Fig. 6(a) ] as well as the MS strategy [ Fig. 6(b) ] fail to reconstruct the correct shape of the scatterer as confirmed by the value of reconstruction error greater than 13%. This is due to an inefficient reconstruction strategy, which cannot fully exploit the information content of scattering data even though it has been increased as for the case of the MS approach. A confirmation of such a conclusion can be carried out by considering the results from the second numerical experiment where a suitable strategy (i.e., the IMSA) able to better exploit the available information is adopted. In this case, the scenario has been illuminated by different directions and partitions have been considered. Although the number of views has been reduced ( ), the IMSA-MS strategy faithfully retrieve the actual profile as shown in Fig. 7(a) (with a reconstruction error of 2.4%). On the contrary, the IMSA integrated with the "combined" SS approach does not achieve a satisfactory reconstruction [ Fig. 7(b) ]. 
IV. CONCLUSION
The effectiveness of a multisource strategy for the quantitative imaging of unknown profiles has been analyzed through selected numerical experiments. The method has demonstrated good potentialities provided that efficient algorithms able to exploit the available information are used. Further research will be needed to quantify the additional information content of multisource scattering data together with the definition of the source configuration able to efficiently excite independent scattering phenomena.
